In this paper, chromium (Cr(VI)), chemical oxygen demand (COD), and ammonia nitrogen in synthetically polluted well water were treated in three columns packed with different fillers to compare treatment effects. The concentrations of Cr(VI), COD, and ammonia nitrogen were used to investigate processing efficiency and find the most efficient column and fillers. Several effective fillers were scanned by a scanning electron microscope (SEM) with energy dispersive spectrometer (EDS) to discover the removing mechanism. Results showed No.1 column with iron powder, activated carbon, and artificial zeolite in series exerted the best ability to remove pollutants. Total removal rate of No.1 column for Cr(VI), COD, and ammonia nitrogen was 91.7%, 47.1%, and 81.6%, respectively.
INTRODUCTION
With about 20% of the world's population China only has 5-7% of global freshwater resources (Qiu ) . Especially in the north of China, water supply relies heavily on groundwater due to the lack of surface water resources. According to the Groundwater Pollution and Control Plan of China In the past, groundwater quality was good and it was only necessary to disinfect groundwater for drinking. But now simple disinfection cannot control the problem of well water pollution, and people are trying to find efficient ways to dispose of polluted water from rural wells.
A common method for the treatment of groundwater for drinking is membrane filtration, such as microfiltration (MF) or ultrafiltration (UF) (Metsämuuronen et al. ; Kasim et al. ) . As a type of drinking water treatment method, low-pressure MF and UF can effectively remove turbidity, organic matter, pathogens, and disinfection by-products (DBPs). MF and UF have the advantage of low energy consumption, no pollution to the environment, and are easy to automate (Knappett et al. ; Palit ) . However, the water quality of the large open wells near the river is seriously affected by polluted rivers, and thus cannot be directly applied to the MF or UF membrane, otherwise the membrane will be contaminated and deteriorate. Therefore, it is necessary to reduce the concentration of pollutants in the wells before using membrane treatment method.
Membrane pretreatment technologies mainly include coagulation (Jung et al. ) , precipitation and flotation (Xu & Narbaitz ), granular activated carbon adsorption (Gur-Reznik et al. ), and pre-oxidation (Wang et al. ) . Coagulation as a pretreatment process of the membrane method can facilitate the collision and aggregation of colloidal particles in water, improve the sedimentation efficiency, and has a low cost and relatively simple operation. It is a common method for removing pollutants from drinking water (Xiangli et al. ; Huang et al. ) . Precipitation and flotation can be used to remove natural organic matters (NOM) from water before using hollow fiber UF membrane to treat water (Xu & Narbaitz ) . Adsorption of granular or powdered activated carbon is also a pretreatment technology before the membrane (Huang et al. ) . Activated carbon has a relatively large specific surface area to adsorb soluble nonpolar organics in water (Stoquart et al. ) . Although the adsorption capacity of activated carbon is low and the adsorption kinetics are slow, it is capable of adsorbing hydrophobic organic compounds at lower concentrations (Matsushita et al. ) . Pre-oxidation is also used for water pretreatment and the oxidants are ozone, permanganate, and chlorine.
However, the choice of pretreatment technology should be based on water quality conditions and local economic levels. The water quality parameters are more complicated
in the large open wells of rural northeast China, and the main pollutants include heavy metals, organic matter, and ammonia nitrogen. In addition, it is necessary to consider the poor economic conditions in China's villages and towns, and adopting a pre-processing method with less investment and easy operation and management is a benefit for local people. This study considered the use of multiple fillers to remove common heavy metal Cr(VI), chemical oxygen demand (COD), and ammonia nitrogen. Some fillers were selected for the continuous running experiment of the columns, and the best filler combination was selected to study the treatment effects on the three pollutants; the removal mechanism was also analyzed. This study has certain reference values for the pretreatment of small drinking water wells in rural areas of some developing countries.
MATERIALS AND METHODS

Fillers
The fillers used in the experiment were iron powder, activated carbon, artificial zeolite, iron-carbon, and quartz sand. The specific physical properties of these fillers are shown in Table 1 from seven sampling points, S1 to S7, were measured every other day. The surface properties of the original fillers were scanned using SEM with energy dispersive spectrometer (EDS), and after the reaction the fillers were also determined for comparison. 
Testing instruments and analytical methods
RESULTS AND DISCUSSION
Removal effects of fillers on pollutants in No.1 column
To investigate the effects of iron powder, activated carbon, and artificial zeolite in No.1 column on the Cr(VI), COD, and ammonia nitrogen removal performance, the concentrations of Cr(VI), COD, and ammonia nitrogen of water In Figure 4 , the concentrations and average values of effluent ammonia nitrogen in S1, S2, and S3 were 19. designed a pilot-scale PRB (permeable reaction barrier) to achieve sustainable use of zeolite in removing ammonium through sequential nitrification, adsorption, and denitrification under the condition of adding an oxygen-releasing compound in the upper layers of the zeolite; during the long-term operation (328 days), more than 90% of ammonium was consistently removed. The ammonia removal mechanism is more dependent on the role of microorganisms, and is suitable for in-situ groundwater ammonia nitrogen pollution degradation. In the experiments in this paper, zeolite removal of ammonia nitrogen mainly relies on the ion exchange adsorption between zeolite and ammonia, which is faster and suitable for the treatment of productive water.
Removal effects of fillers on pollutants in No.2 column
In order to investigate the effects of iron-carbon and artifi- The Cr(VI) concentration curves of S4 and S5 are presented in Figure 5 . The results of Figure 7 indicate that iron-carbon was not the quartz sand on Cr(VI) was 69.5%, and it was much higher than 3.1% of the removal rate of Cr(VI) by the zeolite segment. The removal rate of the mixing segment was lower than the removal rate of the iron powder section of the No.1 column, which is due to the low iron content, but the purpose of adding manganese dioxide was to improve the catalytic effect, and the quartz sand was added to prevent iron powder blockage after long-term operation of the column. No.3 column achieved a total removal effect of 72.6% on Cr(VI) by the entire fillers.
The mixed filler of iron powder, manganese dioxide, and quartz sand and the artificial zeolite in Figure 9 were not ideal materials for COD removal. The average removal rate of the mixed fillers was 4.7%, and that of the zeolite was only 3.5%. The effluent COD concentration The overall reaction equation is as follows:
In this reaction, iron is oxidized to ferric iron as a reducing agent, and Cr(VI) is reduced as an oxidizing agent to SiO 2 , and H 2 O in a specific ratio to form a gelling substance, which was crystallized and heated to give a finished product. The molecular formula of the artificial zeolite was Na 2 O·Al 2 O 3 ·xSiO 2 ·yH 2 O. In Figure 16 , after treatment with water, the elemental species on the surface of the artificial zeolite became C, O, Fe, N, K, Cr. The removal mechanism of artificial zeolite on pollutants mainly depended on adsorption and ion exchange and cations such as Si, Mg, Al, Na can be exchanged with N, K, Cr cations in water. N came from ammonia nitrogen in source water, Cr was derived from Cr(VI), and K was derived from raw water. This exchange effect proved that the artificial zeolite can be exchanged for the removal of Cr(VI) and ammonia nitrogen. The artificial zeolite had a cage structure with well-developed pores formed by bridging a silicon oxytetrahedron and an aluminum oxytetrahedron. This structure facilitated adsorption and ion exchange.
CONCLUSIONS
In this study, three columns equipped with five different fillers of iron powder, activated carbon, artificial zeolite, iron-carbon, and quartz sand were operated at a constant hydraulic flow rate of 10 mL/min to remove the combined pollution of Cr(VI), COD, and ammonia nitrogen in large well synthetic water samples near the river. No.1 column connected the iron powder, activated carbon, and artificial zeolite in series, which resulted in the effective removal of the three pollutants with an average removal rate for Cr(VI), COD, and ammonia of 91.7%, 47.1%, and 81.6%, respectively. The removal mechanisms on pollutants by these fillers are mainly the oxidation of iron, the adsorption of activated carbon, and the ion exchange of zeolite on Cr(VI), COD, and ammonia nitrogen. SEM images and EDS analysis also explained the occurrence of these mechanisms on the surface of the fillers. For well water pretreatment, iron powder, activated carbon, and artificial zeolite series process can effectively reduce the content of Cr(VI), COD, and ammonia pollutants, and reduce the burden of membrane pollution for the subsequent ultrafiltration or microfiltration process. This process will have good application value for well water pretreatment in underdeveloped areas. 
